2؉
-independent activity generated by autophosphorylation of the kinase was retained in the PSD-CaM kinase II complex. The CaM kinase II thus associated with PSDs phosphorylated a number of PSD proteins in both the absence and presence of Ca 2؉ . When the CaM kinase II-PSD complex was incubated at 30°C, its Ca 2؉ -independent activity was gradually decreased. This decrease was correlated with dephosphorylation of the kinase and its release from PSD-CaM kinase II complex. These results indicate that CaM kinase II reversibly translocates to PSDs in a phosphorylation-dependent manner.
Ca 2ϩ
/calmodulin-dependent protein kinase II (CaM kinase II) 1 is one of the most abundant protein kinases in the mammalian brain (1) (2) (3) (4) (5) . Neuronal CaM kinase II regulates a broad array of nerve functions, including the synthesis and secretion of neurotransmitters, receptor function, structural modification of the cytoskeleton, axonal transport, long term potentiation, and gene expression (6 -8) . The enzyme was originally isolated from rat brain, and four isoforms (␣, ␤, ␥, ␦) have now been identified using molecular techniques (9 -12) . The ␣ and ␤ isoforms are predominantly and exclusively expressed in the nervous system, whereas the ␥ and ␦ isoforms are expressed in all tissues including brain.
Autophosphorylation of CaM kinase II has profound effects on its activity (13, 14) . Upon phosphorylation in a Ca 2ϩ /calmodulin-dependent manner, CaM kinase II is converted to a partially Ca 2ϩ -independent form. Thr-286 and -287 of the ␣ and ␤ isoforms, respectively, are autophosphorylation sites that generate Ca 2ϩ -independent activity (15) (16) (17) (18) . Presumably, protein phosphatases contribute to the regulation of CaM kinase II autophosphorylation in vivo by dephosphorylating the site.
Subcellular localization and compartmentalization of specific proteins generally play a significant role in the functioning of the signal transduction pathway. Consistent with its diverse roles, CaM kinase II exhibits broad distribution within neurons, and discrete localization of CaM kinase II may play an important role in its physiological function. It is concentrated at postsynaptic densities (PSDs), which are specializations of the submembranous cytoskeleton and are visible in the electron microscopy as tight complexes of post-synaptic junctional proteins. The PSDs are believed to be involved in the regulation of synaptic events such as receptor function, structural modification, and synaptic plasticity (19) . The most abundant protein in PSDs has been identified as the ␣ isoform of CaM kinase II (20 -22) . The concentration of a calcium-regulated kinase in PSDs might modulate synaptic activity in response to a rise in postsynaptic calcium levels.
In contrast to the soluble CaM kinase II, most of the PSD CaM kinase II appear to be inactive (23, 24) . It is possible whether originally all the PSD CaM kinase molecules have a low specific activity, or the majority of the kinase molecule is inactive, or the active site of the kinase is masked in the PSD structure. However, PSD CaM kinase II is very similar to soluble CaM kinase II in terms of regulation by autophosphorylation (24 -26) . Recently, we demonstrated that PSD CaM kinase II was solubilized and activated 4-to 5-fold by limited proteolytic digestion with prior autophosphorylation, suggesting that many of the active sites of PSD CaM kinase II are masked in the PSD structure (27) .
To elucidate the relationship between soluble and PSD CaM kinase II, we investigated the association of soluble CaM kinase II with PSDs and the effect of autophosphorylation of CaM kinase II on this association.
EXPERIMENTAL PROCEDURES

Materials-[␥-
32 P]ATP and 125 I-labeled anti-mouse IgG (FabЈ) 2 were purchased from Amersham Corp. Horseradish peroxidase-coupled antimouse goat IgG was from Bio-Rad, immunoblot chemiluminescence reagent was from NEN Life Science Products, okadaic acid was from Wako Pure Chemicals, Osaka, Japan, microcystin-LR was from Life Technologies, Inc., and protein phosphatase 2A from human red cells was from Seikagaku Co., Tokyo, Japan. The CaM kinase II substrate syntide 2 (PLARTLSVAGLPGKK) was synthesized and purified as described (28) . CaM kinase II was prepared through the step of Sepharose CL 4B column from rat forebrain as described previously (5) and concentrated to about 8 mg of protein/ml by ultrafiltration. CaM kinase II was also purified to homogeneity (5) . The specific enzyme activity of CaM kinase II of partially purified and homogeneous preparations was 270 Ϯ 9.9 and about 11,000 nmol/min/mg protein, respectively. A monoclonal antibody specific to the ␣ isoform of CaM kinase II (3E11) was raised as described previously (29) .
Purification of PSDs-The PSD fraction was prepared from rat forebrain by two methods. One was the conventional method as described by Wu et al. (30) . The other was the method of Wu et al. (30) as modified by Suzuki et al. (31) . According to the latter method, the forebrain of Wistar rat (about 250 g of body weight) was quickly dissected and then immediately homogenized at 600 rpm at 0°C in 4 ml of a solution containing 0.32 M sucrose, 1 mM MgCl 2 , 0.5 mM CaCl 2 , and 1 mM NaHCO 3 . It should be noted that the homogenization finished within 60 s after decapitation. Homogenates of about 16 rat forebrains were pooled, and a crude synaptosomal fraction was isolated. The crude synaptosomal fraction was exposed to 0.5% Triton X-100 and then separated by discontinuous sucrose density gradient centrifugation. The yield of the PSD fraction was about 3.9 mg of total PSD protein. The ␣ isoform of CaM kinase II in the PSD fraction accounted for about 3% of the total protein, which is consistent with previously published results (31) . This preparation of PSDs was used for the association of CaM kinase II. The specific enzyme activity of PSD CaM kinase II was 75 Ϯ 3.0 nmol/min/mg protein, which was about 3-fold lower than that of the PSDs (195 Ϯ 4.0 nmol/min/mg protein) prepared by the method of Wu et al. (30) .
The microsomal fraction of rat liver was used as a control of the cytoskeletal fraction obtained from a non-neuronal organ, since a cytoskeletal fraction from liver was not obtained by the same method as the purification of PSDs from the forebrain. Microsomal fraction of liver was prepared by differential centrifugation. Rat liver was homogenized in solution containing with 0.25 M sucrose, 1 mM MgCl 2 , 0.5 mM CaCl 2 , and 1 mM NaHCO 3 . After centrifugation at 900 ϫ g for 10 min, the supernatant was centrifuged 10,000 ϫ for 30 min. The supernatant was then centrifuged 105,000 ϫ g for 60 min. The precipitate was obtained and used as microsomal fraction.
Protein concentration was determined as described (32) using bovine serum albumin as the standard.
Assay of CaM Kinase II-CaM kinase II activity was assayed in terms of the Ca 2ϩ -dependent phosphorylation of syntide 2 as described (26) 2 , 0.2 mM CaCl 2 , 0.1 mM EGTA, 2 M calmodulin, 1 mM dithiothreitol, 2 M okadaic acid, 10 mM NaF, 1 mM orthovanadate, protease inhibitors (10 g/ml each of antipain, leupeptin, and pepstatin A), and a suitable amount of CaM kinase II in a total volume of 50 l. In some experiments, ATP␥S was used in place of ATP to prevent dephosphorylation of CaM kinase II by protein phosphatase. When CaM kinase II was autophosphorylated with ATP␥S, the reaction was carried out at 0°C for 30 min under the same conditions. Nonphosphorylated CaM kinase II was prepared without ATP under the same conditions. After incubation for 10 min, the reaction was terminated by adding 67 mM EDTA.
Association of CaM Kinase II with PSDs-The PSD fraction (about 30 g of protein) was added to either an autophosphorylated or nonphosphorylated reaction mixture terminated with EDTA in a total volume of 60 l. After incubation for 10 min at 0°C, the reaction mixtures were centrifuged at 18,000 ϫ g for 30 min at 0°C. The precipitate was washed once with 200 l of 40 mM Tris/HCl, pH 7.6, containing 1 mM dithiothreitol, 50 mM NaCl, 10% ethylene glycol, and 0.05% Tween 40, and centrifuged at 18,000 ϫ g for 30 min. The precipitate was then suspended in the same buffer and used as PSD-CaM kinase II complex. Under the conditions, PSD protein was almost completely recovered in the precipitate. If the precipitate was solid and difficult to suspend homogeneously with a vortex, the suspension was briefly sonicated.
Release of CaM Kinase II from PSD-CaM Kinase II Complex-PSDCaM kinase II complex was incubated at 30°C in 40 mM Tris buffer, pH 7.6, containing 1 mM dithiothreitol, 50 mM NaCl, 10% ethylene glycol, 0.05% Tween 40, and protease inhibitors (10 g/ml each of antipain, leupeptin, and pepstatin A). After appropriate times for incubation, the reaction mixtures were centrifuged at 36,000 ϫ g for 30 min at 4°C. To avoid the incomplete precipitation of PSDs, the force of centrifugation was 2-fold stronger than that for isolation of PSD-CaM kinase II complex. The amount of CaM kinase II released to the supernatant was measured.
SDS-PAGE and Immunoblotting-SDS-PAGE proceeded on 10% polyacrylamide gels in the presence of 0.1% SDS as described by Laemmli (33) . Immunoblotting was performed as described previously (29) with slight modifications. Briefly, proteins were separated by SDS-PAGE and electrophoretically transferred to a nitrocellulose membrane. The membrane was incubated with 5% non-fat skim milk in phosphate-buffered saline, pH 7.4, for 1 h, and then with 3 g/ml of a monoclonal antibody specific to the ␣ isoform of CaM kinase II at 4°C overnight. After washing, the transblots were incubated with peroxidase-coupled anti-mouse IgG (1:3000 dilution) for 60 min at room temperature. CaM kinase II was detected by using an enhanced chemiluminescence procedure as recommended by the manufacturer.
Determination of the ␣ Isoform Protein of PSD-CaM Kinase II Complex by Immunoblotting-The extent of CaM kinase II ␣ isoform protein associated with PSDs was determined by immunoblotting as described previously (34) . The PSD-CaM kinase II complex was separated on SDS-PAGE and electrophoretically transferred to a nitrocellulose membrane; the membrane was then incubated with a monoclonal antibody to the ␣ isoform of CaM kinase II as described above. The transblots were incubated with 125 I-labeled anti-mouse IgG (FabЈ) 2 (2 Ci/ml) for 1 h. The level of protein of radioactive bands was measured by an imaging analyzer BAS 1500 Mac (Fuji Film Co., Tokyo). The concentration of the ␣ protein was calibrated from the standard curve obtained by purified CaM kinase II.
Phosphorylation and Analysis of PSD Proteins-The PSD fraction and PSD-CaM kinase II complex were phosphorylated in a reaction mixture containing 50 mM Hepes buffer, pH 8.0, 50 M [␥-32 P]ATP (2-5 ϫ 10 6 cpm), 8 mM Mg(CH 3 COO) 2 , protease inhibitors (10 g/ml each of antipain, leupeptin, and pepstatin A), 2 M okadaic acid, 1 mM orthovanadate, and 10 mM NaF in the presence or absence of 0.2 mM CaCl 2 and 2 M calmodulin. After phosphorylation, an aliquot of the mixture was withdrawn, mixed with SDS sample mixture, and then subjected to SDS-PAGE. After electrophoresis, the gels were dried, and phosphorylated proteins were detected by autoradiography. The level of phosphorylation was measured by an imaging analyzer BAS 1500 Mac.
RESULTS
Association of CaM Kinase II with PSDs-
The partially purified CaM kinase II preparation incubated with the PSD fraction at 0°C for 10 min, and then the PSD fraction was precipitated by centrifugation. The CaM kinase II activity of the precipitate was determined. Upon centrifugation of the mixture, more than 95% PSD protein was recovered in the precipitate. As shown in Fig. 1 , the activity of CaM kinase II precipitated with PSDs increased about 6-fold as the amount of of CaM kinase II was raised. The specific enzyme activity of CaM kinase II in the precipitate was 511 Ϯ 22.8 nmol/min/mg PSD protein, which was about 2.6-fold higher than that of PSDs prepared by the method of Wu et al. (30) . Ca 2ϩ -independent activity induced by autophosphorylation of the kinase also increased. If the kinase was not phosphorylated previously, the enzyme activity did not significantly increase. When CaM kinase II was incubated with the microsomal fraction of rat liver, the enzyme activity was not significantly associated with the microsomal fraction whether the enzyme was phosphorylated or not (data not shown). These results indicate that autophosphorylated CaM kinase II specifically binds to PSDs and forms PSD-CaM kinase II complex.
The association of CaM kinase II with PSDs was demonstrated by SDS-PAGE and immunoblotting. The ␣ isoform protein of CaM kinase II, a 50-kDa band, increased specifically when the PSD fraction was incubated with autophosphorylated CaM kinase II as shown in Fig. 2 . The extent to which CaM kinase II associated with PSDs increased as the concentration of CaM kinase II was raised (Fig. 2A) . The protein staining pattern of PSD-CaM kinase II complex was almost the same as that of PSDs except the 50-kDa band, indicating that other cytosolic proteins contained in the preparation of CaM kinase II did not significantly associate with PSDs. Although the 50-kDa band was a major protein of the PSD-CaM kinase II complex, it accounted for only about 8% of the total protein as measured by densitometry. This band did not increase significantly when the PSD fraction was incubated with non-phosphorylated CaM kinase II. Similar results were obtained using CaM kinase II thiophosphorylated with ATP␥S (data not shown). Thiophosphorylated CaM kinase II is insensitive to protein phosphatase (14) . The association of CaM kinase II with PSDs was confirmed by immunoblotting using a monoclonal antibody specific to the ␣ isoform of CaM kinase II (Fig.  2B) and by autoradiography using CaM kinase II autophosphorylated with [␥-
32 P]ATP (data not shown). The protein band of the ␤ isoform of CaM kinase II (60-kDa band) was not detected by protein staining, but it was detected by autoradiography (data not shown).
When the binding of CaM kinase II ␣ isoform protein to PSDs was measured by immunoblotting using 125 I-labeled antimouse IgG, a generally hyperbolic form was observed approaching saturation at 2.5 M CaM kinase II ␣ polypeptide (Fig. 3) . Scatchard analysis indicated a single binding site with an apparent K d of about 1 M CaM kinase II ␣ polypeptide (about 100 nM holoenzyme) and a B max of about 1.2 nmol of CaM kinase II ␣ polypeptide/mg of PSD protein (about 60 g of CaM kinase II/mg of PSD protein) under the experimental conditions (Fig. 3) .
These results indicate that PSD binds to autophosphorylated CaM kinase II but not to non-phosphorylated enzyme.
Phosphorylation of PSD Proteins by CaM Kinase II Associated with PSDs-PSD-CaM kinase II complex was incubated with [␥-
32 P]ATP in the presence or absence of Ca 2ϩ at 30°C for 5 min under the standard conditions. The phosphorylated proteins were analyzed by SDS-PAGE, followed by autoradiogra- phy. As shown in Fig. 4 , a number of PSD proteins of PSD-CaM kinase II complex were phosphorylated in the absence as well as in the presence of Ca 2ϩ , and the pattern of phosphorylation in the absence of Ca 2ϩ was similar to that in the presence of Ca 2ϩ (lanes 3 and 4) . Under the same conditions, proteins of control PSDs were not significantly phosphorylated in the absence of Ca 2ϩ (lane 1), whereas some were phosphorylated in the presence of Ca 2ϩ (lane 2). Ca 2ϩ -dependent phosphorylation of control PSDs was much lower than Ca 2ϩ -independent phosphorylation of PSD-CaM kinase II complex. These results suggest that cytosolic CaM kinase II translocates to PSDs and phosphorylates PSD proteins.
Inactivation and Reactivation of Ca 2ϩ
-independent Activity of PSD-CaM Kinase II Complex-PSD-CaM kinase II complex was incubated at 30°C. Ca 2ϩ -independent activity of CaM kinase II was gradually decreased as shown in Fig. 5A . After 15 min of incubation, about 70% of the activity was lost. More than 90% of Ca 2ϩ -dependent activity was retained. At this time, the reaction mixtures were subjected to autophosphorylating conditions. The Ca 2ϩ -independent activity of CaM kinase II associated with PSDs was recovered upon autophosphorylation as shown in Table I . Specifically, it was originally 1.52 nmol/min, decreased to 0.51 nmol/min with incubation (about 33% of original activity), and then the activity recovered to 2.20 nmol/ min (about 144% of original activity) upon exposure to autophosphorylating conditions. These results suggest that the decrease in the activity was due to dephosphorylation of the enzyme catalyzed by an endogenous protein phosphatase and that a part of the PSD-CaM kinase II complex was already dephosphorylated during preparation of the complex.
Dephosphorylation of CaM Kinase II of PSD-CaM Kinase II Complex-To confirm dephosphorylation of CaM kinase II, PSD-32 P-labeled CaM kinase II complex was prepared and then incubated at 30°C. After the incubation, the reaction mixtures were analyzed by SDS-PAGE. Dephosphorylation of the ␣ isoform of 32 P-labeled CaM kinase II (50-kDa band) was observed depending on the incubation time as shown in Fig. 5 , B and C. The ␤ isoform (60-kDa band) was also dephosphorylated, indicating that PSDs contain a significant amount of protein phosphatase activity. About 40 and 50% of radioactivity was lost at 15 and 30 min of incubation, respectively (Fig. 5C), indicating that the Ca 2ϩ -independent activity of CaM kinase II associated with PSDs was reduced by dephosphorylation. The amount of [ 32 P]phosphate remaining at 15 min was high relative to the decrease in Ca 2ϩ -independent activity of CaM kinase II. Dephosphorylation of CaM kinase II was inhibited by 1 M microcystin-LR (cyclic heptapeptide toxin isolated from Microcystis aeruginosa), an inhibitor of protein phosphatase 1 and 2A (35) (Fig. 5C) . 
Release of CaM Kinase II from Its Complex with PSD-PSD-
FIG. 5. Decrease in the Ca
2؉ -independent activity and dephosphorylation of CaM kinase II in PSD-CaM kinase II complex. A, PSD-CaM kinase II complex was isolated using partially purified CaM kinase II (120 g of protein) and the PSD fraction (30 g of protein) . The complex was incubated at 30°C. At the indicated time, an aliquot of the reaction mixture was withdrawn for CaM kinase II assay in the presence (E) or absence (q) of Ca 2ϩ . B, partially purified CaM kinase II (120 g of protein) was autophosphorylated with [␥-32 P]ATP under the standard conditions and then incubated with the PSD fraction (30 g of protein) at 0°C for 10 min. The 32 P-labeled complex was isolated and incubated at 30°C. After incubation, an aliquot of the reaction mixture was subjected to SDS-PAGE, and radioactive bands were detected by autoradiography. Lanes 1-5, incubation for 0, 5, 10, 15, and 30 min, respectively. Lower and upper arrows, the position of the ␣ and ␤ isoforms of CaM kinase II, respectively. C, PSD-32 P-labeled CaM kinase II complex was prepared under the same conditions and incubated at 30°C in the presence (q) or absence (E) of 1 M microcystin-LR (cyclic heptapeptide toxin isolated from Microcystis aeruginosa). At the indicated time, an aliquot of the reactions was subjected to SDS-PAGE, and the level of phosphorylation was measured by an imaging analyzer.
from human red cells did not stimulate dephosphorylation of the CaM kinase II of the complex (data not shown). CaM kinase II activity was not released from control PSDs at all.
Thiophosphorylated CaM kinase II is insensitive to protein phosphatase (14) . When thiophosphorylated with ATP␥S, CaM kinase II was not released to the supernatant to any significant extent (Fig. 6A) , consistent with the previous report (14) .
The release of CaM kinase II from its complex with PSD was investigated by immunoblotting (Fig. 6B) . When PSD-CaM kinase II complex was prepared with ATP, CaM kinase II was released from the complex by incubation at 30°C. But the enzyme was not released to any significant extent when PSDCaM kinase II complex was prepared with ATP␥S.
These results indicate that CaM kinase II was released from the complex by dephosphorylation of the kinase.
DISCUSSION
The most abundant protein in PSDs has been identified as the ␣ isoform of CaM kinase II (20 -22) . Despite its potential functional significance, the identity of PSD CaM kinase II and its relationship to the soluble CaM kinase II remain controversial. It has been reported that PSD CaM kinase II is immunologically different from but structurally related to soluble CaM kinase II (36) . PSD CaM kinase II is tightly associated with PSDs and is not solubilized by non-ionic detergents in the active form. Suzuki et al. (31) , however, demonstrated that cytosolic CaM kinase II translocated rapidly into the PSD fraction after decapitation of rat. The PSD fraction prepared from rat forebrain immediately after dissection (within 30 s after decapitation) contains the ␣ isoform of CaM kinase II at a level of merely 2.7% of total PSD protein, and the content of the protein is increased to about 10% by placing the forebrain on ice for a few minutes.
Recently, McNeil and Colbran (37) found 190-and 140-kDa proteins (designated as p190 and p140, respectively) capable of binding CaM kinase II in isolated PSDs by the use of the gel overlay assay. Ca 2ϩ /calmodulin-dependent autophosphorylation at Thr-286 of the kinase promotes its binding to p190. These results suggest that interaction of CaM kinase II with specific anchoring proteins produces specific effects within cells. However, these studies have not investigated whether CaM kinase II activity, either Ca 2ϩ -dependent or independent, correlates with the association of the kinase with PSDs or its dissociation from PSDs.
In contrast to the soluble CaM kinase II, most of the PSD CaM kinase II had been considered to be inactive (23, 24) . Recently, we succeeded in demonstrating that many of the active sites of PSD CaM kinase II are masked in the PSD structure (27) . To investigate the significance of the physiological role of PSD-CaM kinase II, we studied the translocation of CaM kinase II and found that cytosolic CaM kinase II translocated reversibly to the PSDs and formed PSD-CaM kinase II complex in a phosphorylation-dependent manner. About 60 g of soluble CaM kinase II bound to 1 mg of PSD protein in the active form, and the specific enzyme activity of the complex was protein) under the standard conditions. After the incubation, PSD-CaM kinase II complex was isolated. PSD-CaM kinase II complex was incubated at 30°C. At the indicated time, reactions were centrifuged at 36,000 ϫ g for 30 min at 4°C, and the activity of CaM kinase II in the supernatant was determined in the presence of Ca 2ϩ . CaM kinase II autophosphorylated with ATP (E); CaM kinase II autophosphorylated with ATP␥S (Ⅺ) and control PSD fraction (q). B, PSD-CaM kinase II complex was incubated as described in A. At the indicated time, reactions were centrifuged at 36,000 ϫ g for 30 min, and an aliquot of the supernatant was subjected to SDS-PAGE and immunoblotting. Lanes 1-4, CaM kinase II was autophosphorylated with ATP and PSD-CaM kinase II complex was incubated for 0, 5, 10, and 15 min, respectively; lanes 5-8, CaM kinase II was autophosphorylated with ATP␥S and PSD-CaM kinase II complex was incubated for 0, 5, 10, and 15 min, respectively; lanes 9 -12, PSD fraction was incubated for 0, 5, 10, and 15 min, respectively. Arrow, the position of the ␣ isoform of CaM kinase II. about 511 Ϯ 22.8 nmol/min/mg PSD protein. The kinase activity is about 2.6-fold higher than that of PSDs prepared by the method of Wu et al. (30) . The content of CaM kinase II in PSD-CaM kinase II complex was somewhat lower than that of mPSDp prepared by a conventional method (30) . CaM kinase II activity of mPSDp is completely dependent on Ca 2ϩ and calmodulin and is low compared with that of the soluble CaM kinase II (27) . Taken together, mPSDp may be associated with PSD irreversibly after decapitation by an unknown mechanism, whereas PSD-CaM kinase II complex may be native and may not be inactivated.
McNeill and Colbran (37) have reported that 32 P-labeled CaM kinase II binds to p190 with an apparent K d of 609 nM (␣ polypeptide concentration) and a B max of 7.0 pmol of ␣ CaM kinase II polypeptide/mg of cytoskeletal proteins (P2), as determined by gel overlay assay. The apparent K d is similar to our results. The extent of binding of CaM kinase II to PSDs is much lower than that obtained in our results, suggesting that the binding efficiency is underestimated by gel overlay assay.
Under our experimental conditions, CaM kinase II was almost specifically autophosphorylated at Thr-286 and Thr-287 of the ␣ and ␤ isoforms, respectively, although it contains some different autophosphorylation sites (8) . PSDs contain significant quantities of protein phosphatase activity which catalyze the dephosphorylation of phosphorylated CaM kinase II at Thr-286/287. The dissociation of CaM kinase II from PSD-CaM kinase II complex is induced by dephosphorylation of CaM kinase II. Although it has been reported that phosphatase 2A dephosphorylates autophosphorylated CaM kinase II (38) , protein phosphatase 2A from human red cells did not stimulate dephosphorylation of CaM kinase II of the complex. Release of CaM kinase II activity from the complex was about 20%, which was significantly lower than the decrease in Ca 2ϩ -independent activity. Ca 2ϩ -independent activity was recovered to almost the original level by autophosphorylation, suggesting that the dissociation of CaM kinase II from the complex is slow as compared with its formation. Protein phosphatases may contribute to the regulation of CaM kinase II autophosphorylation in vivo by dephosphorylating the site. Characterization of the protein phosphatase involved in the regulation of the translocation of CaM kinase II in the PSD fraction remains to be determined.
CaM kinase II is required for long term potentiation in the hippocampus and acquisition of spatial learning (39 -41 
